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ELECTRON MICROSCOPY OF HUMAN APOCRINE SWEAT GLANDS5
RICHARD G. HIBBS, Pu.D.
The existence of two morphologically different
types of sweat glands was first recognized in 1844
by Krause (1), who noticed that the sweat glands
of the axilla, mons pubis, eyelid and circumanal
region, were larger than those of the general body
surface. These large glands were called "apocrine
glands" by Schiefferdecker (2), implying that
secretion is by disruption or pinching off the
apices of the secretory cells and thus distinguish-
ing them from the cecrine sweat glands of the
general body surface.
Human apocrine glands have been studied
extensively in recent years by histochcmical
methods, but only two electron microscopic
studies (3, 12) have been reported.
MATERIALS AND METROD5
The present study was made on axillary
apocrinc glands obtained from three young adult
females, all Negroes. The glands of one subject
were secreting at the time of biopsy removal.
A 4-mm. punch biopsy specimen of axillary skin
and subeutis was obtained from each subject.
The tissue was cut into 1-mm. cubes and fixed for
two hours in osmium tetroxide buffered at pH 7.4.
Dehydration was carried out in graded methanol
over a period of 23' hours and the blocks were
embedded in a mixture of 12 parts n-butyl
methacrylate and 1 part methyl methacrylate.
Sectioning was done with a Porter-Blum micro-
tome and the sections were observed and photo-
graphed with either an RCA EMU3C or a Siemens
Elmiskop 1. Photographs were taken at initial
magnifications of 2,000 to 10,000 and photo-
graphically enlarged as desired.
OBSERVATIONS
The secretory tubules of the apocrine glands
are easily distinguished from those of the eccrine
glands, often found in the same sections, by their
extremely large lumina and the presence of many
secretory granules in the cytoplasm. Eccrine
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glands have smaller lumina and contain few cyto-
plasmic granules.
The secretory cells of the apocrine glands lie on
rows of longitudinally oriented myoepithelial
cells (Figs. 1, 2). Between myoepithelial cells,
cytoplasmic projections from the secretory cells
are in contact with the basement membrane. In
many respects the myoepithelial cells resemble
ordinary smooth muscles cells; however, the
myoepithclial cells are distinctive in that the
nuclei are located peripherally in small pockets of
cytoplasm devoid of myofilaments (Fig. 4).
Rather large intercellular spaces occur between
myoepithelial cells and secretory cells (Figs. 1, 4).
These spaces, which appear empty, may be
shrinkage artifact. However, their constant oc-
currence in apparently well-preserved tissue sug-
gests that they may be normal structural features.
Secretory Cells of the Resting Gland
Apocrine secretory cells vary in shape from low
cuboidal to columnar. The nuclei are spherical
and basally located, usually containing one or
more large dense nucleoli. Mitochondria are
numerous and dispersed through the cytoplasm
except in the Golgi area and near the luminal
surface. The mitochondria are oval and have a
greater internal density than mitochoadria of
most other cell types. Double cristae are present
in all of the mitochondria although they are some-
times partially obscured by the dense matrix.
The Golgi zone of the secretory cells is usually
prominent, its diameter sometimes being as much
as one-third that of the entire ccli (Fig. 1). It is
located between the nucleus and the luminal
surface of the cell and consists of many spherical
vesicles, ranging from .1 b to .5 ,u in diameter.
Occasionally, small groups of parallel lamellae are
seen but they are not a prominent feature of the
Golgi apparatus of these cells. Numerous osmio-
philic granules, 250 A to 1000 A in diameter, are
also present, the largest sometimes containing
light central areas.
The endoplasmic reticulum is rather unusual.
The membranous component of the reticulum is
scant, consisting of only a few scattered granule-
covered vcsicies of small size. However, many
FIG. 1. A cross-section through part of a secretory tubule from a resting apocrine gland. N—nucleus;
Nu—nucleolus; S—secretory granules; M—myoepithelial cells; V—microvilli; L—lumen; G—Golgi
area; IC—intercellular space. X 2,625.
FIG. 2. A longitudinal section through part of a secretory tubule from an active apocrine gland. Note
the dense apical cytoplasm (arrow), and disintegrating secretory granules. N—nucleus; Nu—nucleolus;
S—secretory granules; M—myoepithelial cells; V—microvilli; L—lumen; G—Golgi area. X 2,625.
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FIG. 3. Higher magnification of a part of one of the cells shown in Figure 1, showing the variation in
density of secretory granules. D—dense granules; Li—light granules; I—intermediate granules. X
9,000.
FIG. 4. A myoepithelial cell in cross-section. Note the eccentrically located nucleus. Folds in the
membranes of adj acent secretory cells can be seen (arrow), N—nucleus; My—myofilaments; BM—
basement membrane. X 6,000.
FIG. 5. A cross-section of a resting apocrine tubule, showing two cells which are unlike ordinary
apocrine cells. Note the absence of secretory granules in cell B and smaller number in cell A. L—lumen;
A & B—light staining cells resembling eccrine secretory cells; M—myoepithelial cells; IC—intercellular
spaces. X 2,250.
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Palade particles are found free in the cytoplasm;
some of them are grouped in small clusters. These
particles are found throughout the cytoplasm
except in the Golgi area and near the luminal
surfaces df the cells.
Most of the secretory cells contain many
osmiophilic granules up to 2 p in diameter (Figs.
1, 5). Many of these granules are located between
the nucleus and the luminal surface of the cell,
bordering the Golgi area, although a few may lie
basal to the nucleus. These are apparently the
secretory granules which are prominent in light
microscopic preparations. These granules vary
considerably in size and density. Some are so
dense that they stand out in contrast to the mito-
chondria, while others are less osmiophilie and
appear as light as or lighter than the mito-
chondria (Fig. 3). The light granules are most
numerous near, or in the periphery of, the Golgi
area. Granules which appear to be transitional
between these types are frequently encountered.
These appear as ordinary light granules but each
contains a single dark area near its center. These
dark areas vary in diameter from a few milli-
microns to almost that of the entire granule.
In addition to the large granules just described,
pigment granules of much smaller size are present
in occasional cells. These are .05 p to .2 p in
diameter and extremely osmiophilie. Such pig-
ment granules are encountered either singly or in
clumps. This pigment is not limited to the
secretory cells but is present also in some of the
myoepithelial cells, usually occurring as clumps
of granules just undet: the eytoplasmie mem-
branes.
The boundaries of the secretory cells have
several modifications. The eytoplasmie membrane
at the basal surface of the cell is thrown into
complicated folds (Figs. 1, 4). These folds are
most prominent in areas between myoepithelial
cells where the secretory cells are in direct contact
with the basement membrane. In areas where the
eytoplasmic membranes of adjacent secretory
cells are in contact with each other, desmosomes,
similar to those found in epidermis and other
tissues, are encountered. Onp, desmosome is
almost always present at the luminal surface,
forming a terminal bar, and others may be found
at intervals along the adjacent membranes. Be-
tween the desmosomes, foldings of th membranes
are also present, although these foldings are less
complicated than those of the basal surface of the
cell.
The cytoplasmie membranes of the secretory
cells adjacent to the lumen contain numerous
evaginations, or mierovilli, of approximately .1 p
diameter. These mierovilli are not evenly spaced,
but are arranged in closely packed groups. Groups
of 3 to 5 mierovilli often are seen branching off of
a common large base much as fingers from a hand
(Figs. 1, 5). It is difficult to measure the exact
length of the mierovilli, since few of theni lie in
the plane of section for their entire length, but an
average length of 1 p is estimated.
The apical region of the cytoplasm of the
secretory cells deserves some attention since it
appears to be a specialized area. At low magnifi-
cation this area is striking because of the absence
of secretory granules and mitoehondria (Figs. 1,
5). In many of the cells the over-all density is
distinctly greater than that of the rest of the
cytoplasm. rihis greater density is accounted for
by the presence of a large amount of fine particu-
late substance and fibrillar material of unknown
composition. Small vesieles of .05 p to .1 p di-
ameter are usually present and are most numerous
near the free cell surface (Fig. 7). Some of these
vesieles appear to be opening into the lumen and
are reminiscent of the pinocytotie vesieles seen in
the endothelium of blood vessels (4).
In addition to the secretory cells, a morpho-
logically different cell occasionally is encountered;
it may be a different type of cell or may represent
only a functional variation (Fig. 6). Such cells
differ from the typical secreting cells in two re-
spects: the cytoplasm is much less dense and
secretory granules are seldom present. These cells
are morphologieally similar, but not necessarily
equivalent, to the "dark cells" of the ecerine
glands (5, 7). The presence of eeerine cells in
apoerine glands has been suggested by Kuno (6).
Secretory Cells of the Active Gland
The secretory cells of the active apocrine gland
show several prominent alterations. The mito-
ehondria have increased in density but are smaller
in size than those of the resting gland. Internal
cristae are present (Fig. 6) but few in number. The
mitochondria matrix is extremely osmiophilie, so
that at low magnification the mitoehondria ap-
pear as small black granules (Fig. 2).
The Golgi material of active secretory cells is
more prominent than that of resting cells. It con-
sists mainly of small vesicles 250 A—l000 A in di-
ameter but also contains a few large vesieles, some
of which are flattened.
FIG. 6. The apical region of a secretory cell of an active apocrine tubule. Note the numerous fine,
dense particles in the peripheral zones of the secretory granules. L—lumen; \T—microvi11i; Mit—mito-
chondria; S—secretory granules. X 15,000.
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FIG.6
FIG. 7. High magnification of the apical cytoplasm of a resting apocrine cell. Note the small vesicles
in the cytoplasm just under the membrane. V—microvilli; CM—cell membranes. X 15,000.
FIG. 8. The apical region of an active secretory cell, showing the large number and great variation
in density of the cytoplasmic vesicles. V—microvilli. X 18,750.
82
0'
• '•
I'S a
S
S
3
S 4
'p
a
'SI,
:4;
S
1
0
S.
A
a
APOCRINE GLANDS 83
The endoplasmie reticulum is scarce, consisting
of a few scattered, granule-covered membranes
and vesicles. Much of the endoplasmie reticulum
is probably obscured by the abundant secretory
material.
The secretory granules in cells of the active
gland are distinctive. Each cell contains many
granules up to 5.0 j.t in diameter (Fig. 2). These
granules are usually grouped on the luminal side
of the nucleus, although an occasional granule
may be found in any part of the cell. These
smaller granules are finely particulate and are of
about the same density throughout, while the
larger granules appear swollen and the central
regions are sometimes empty. Some of the latter
appear to be disintegrating (Figs. 2, 6).
In the peripheral regions of most of the larger
granules are found many extremely dense parti-
cles about 100 A diameter. These fine particles
usually form rings or crescents near the surface of
the granules (Fig. 6). Small clusters of these same
particles are occasionally seen in the cytoplasm.
Except for their great density these clusters re-
semble small secretory granules.
The apical cytoplasm of the active cells shows
surprisingly little alteration. This area still re-
tains its high density and is for the most part
devoid of mitoehondria. The luminal surface bears
numerous microvilli. Vesieles such as those de-
scribed in this area in the resting cells, are found
in even larger numbers in active cells, where their
contents vary from dense particulate material to
a clear, structureless substance (Fig. 8). In a few
cells, secretory granules encroach upon this area,
but they have not been observed against the eyto-
plasmie membrane.
In all sections studied, both in the resting and
secreting gland, the lumina are either empty or
contain an amorphous material. In no instance
was recognizable cellular debris or secretory
granules encountered, as would be expected if the
apoerine process of secretion were occurring. In
many instances apparently isolated cytoplasmie
processes are seen in the lumina, but these in-
variably are completely surrounded by a eyto-
plasmie membrane and are probably oblique
sections through the ends of secretory cells whose
basal region is out of the plane of section.
DISCUSSION
Though the present investigation supports
much of the earlier work of light mieroseopists, it
casts serious doubt on the contention that the
secretory cells of apoerine glands normally dis-
charge their products by apical disruption. If such
a process occurs, it would be expected that cellular
debris would be present in the lumina; also that
at least an occasional cell would be seen in the
process of extruding its contents. In the present
study, I have not only failed to see disrupting
cells, but secretory granules were seldom seen in
the apices of the cells. Similar observations were
made by Montagna (7) and Montes, et at. (11),
who are also unconvinced that these glands
normally secrete by the apoerine process. Charles
(3) mentions the absence of cellular debris in the
lumina, but reports disruption in the apical mem-
branes through which he believed the cell contents
to have been extruded. In the present investiga-
tion, discontinuities were encountered only in
poorly preserved tissue, and no importance was
attached to them. "Apoerine secretory processes,"
such as described by Knrosumi et at. (12), have
not been encountered in either secreting or resting
glands.
It seems likely that the principal mode of
secretion is by droplet secretion through the apex
of the cell, and secretion by disruption probably
occurs only under extreme conditions, if at all. In
the secretory cells of resting glands, the dense
apical cytoplasm contains small vesicles which
are evenly distributed between the Golgi area and
the eytoplasmie membrane bordering the lumen.
In cells of the active glands, these vcsicles arc
present in far greater numbers, and their size and
density are more variable. They may be droplets
of secretory fluid, traversing the apical cytoplasm
and being discharged into the lumen. Intercellular
eanaliculi, as described by Charles (3), have not
been encountered. It is true that the apices of
many of the secretory cells project into the lumen,
leaving narrow crevices between adjacent cells
which often have the appearance of longitudinally
sectioned canals; however, if these were actually
canals, they should often be seen in cross section
also.
The same reasoning applies to the intracellular
canals, also described by Charles. In all of the
sections studied, small circular profiles were en-
countered, which could be either canals cut in
cross section or spherical vesicles. However,
nothing has yet been seen which could be inter-
preted as longitudinally sectioned intracellular
canals.
The origin of the secretory granules has been
subject to speculation for many years. The smaller
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of the granules and mitoehondria stain similarly,
leading some workers, among them Brinkman (8),
Minamitami (9) and Kurosumi et at. (12) to
postulate that mitochondria transform directly
into secretory granules. As supporting evidence,
Minamitami states that the number of mito-
ehondria in a secretory cell is inversely propor-
tional to the number of secretory granules.
Since electron microscopy necessarily involves
a study of dead tissue, it is impossible actually to
observe the formation of granules. We can only
observe the different forms of granules present in
secreting and non-secreting cells, and attempt to
arrange them in a logical sequence, realizing that
there is no way to determine accurately which of
the granules is the earliest phase. Realizing these
limitations, the following sequence of events,
from the formation of the granules to the release
of the secretion from the cell is postulated:
(1) The granules are formed as light-staining
condensations of material in the Golgi area.
(2) These light-staining condensations change
in composition, becoming extremely osmiophilie.
This increased osmiophilia begins with the ap-
pearance of a dark body in the center of the
granule, which enlarges until the light-staining
substance is completely obscured.
(3) The resulting dark granules remain in the
cell, relatively unchanged until the gland is
stimulated to secrete.
(4) During secretion the dark granules enlarge
many-fold, becoming particulate in texture, and
less osmiophilie, probably because of fluid uptake.
(5) The granules then apparently break up and
go into solution in the apical portion of the cell.
(6) The secretion then passes through the
apical cytoplasm and eytoplasmie membrane in
the form of small droplets.
The electron microscope enables one to dis-
tinguish mitoehondria from secretory granules
with certainty since they are entirely different in
internal structure. No intermediate forms were
encountered, hence it seems unlikely that any
direct transformation occurs.
The small dense particles described in the
periphery of some of the secretory granules are
probably iron. Montagna (7) and others have con-
firmed the existence of iron in apocrine cells, and
have shown that when it is present in large
granules, it is located only in the peripheral
region.
Rurley and Shelley (10) have described move-
ment of secretion through the lumen of the
secretory tubules by peristaltic contraction of the
layer of myoepithelial cells. The present observa-
tions can add nothing to our present knowledge of
the myoepithelial cells, except for one unexplained
observation, which was also described by Charles.
Large intercellular spaces are regularly en-
countered between myoepithelial cells and secre-
tory cells. The interior of these spaces is devoid of
stainable material, suggesting the probability of
embedding artifact, but such spaces were found
in every section studied and in tissue which in
every other respect appears well-preserved.
SUMMARY
Resting axillary apoerine glands from two pa-
tients and active glands from one patient were
studied with the electron microscope. The secre-
tory cells are described in detail in both the resting
and active glands. A possible sequence of events,
from the formation of the secretory granules to
the discharge of the secretory products, is de-
scribed.
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